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Calculation  of  ^actorsi  Affecting  the  Accuracy  in  l^eter mining  . 

the  Drift  of  Floating  lategrating  Gyroscopes  I 

by  j 

G»A«SlonQranskiy  (Moscow)  ' 

We  will  assume,  that  when  testing  for  drift  the  investigated  gyroscope  and  plat¬ 
form  of  the  stand  are  situated,  as  is  shown  in  flg,l,For  the  sake  of  conmonness  we 
will  assume  that  the  platform  of  the  stand  is  driven  (brought  into  rotation)  through 
a  gap-less  reduction  gear.  The  motor  of  the  platform  is  coupled  to  an  amplifier  to 
the  input  of  which  is  fad  the  output  voltage  of  the  sensing  element  of  the  angle 
of  the  investigated  gyroscope,  fastened  to  the  platform  of  the  stand  (fig.l). 

In  fig,l«  and  further  on  were  adopted 

the  following  three  systems  of  axis,  originating  in  point  0  where  the  axes  of  rotation 
of  frame  and  rotor  of  examined  gyroscope  do  intersect i 


l,The  system  of  xyzg  axes  is  connected 
with  the  body  of  the  investigated  gyrosco¬ 
pe.  The  X  and  y  axes  are  the  output  and 
input  axes  of  the  gyroscope {axis  is 
perpendicular  to  axes  x,  y  and  forms  to 
gather  with  them  a  right  trihedral. 


SEE  PAGE  1  a  FOR  FIGURE  1 . 


Fig.l, Variant  of  platform  and  gyroscope 
arrangement  when  checking  drift  of  gyro¬ 
scope. 


2.  The  system  of  xl  eta  zeta  axes,  connected  with  the  earth  and  is  oriented  geo¬ 


graphically.  Axes  chi  and  eta  are  horizontal}  axis  chi  faces  eastward,  axis  eta  - 
ncffthward,  and  axis  zeta  into  the  zenith. 

3.  The  system  of  XVZ  axes  is  connected  with  the  platform  of  the  testing  stand. 
Axis  Y  appears  to  be  the  axis  of  rotation  of  the  platform;  axes  X  and  Z  are  perpen¬ 


dicular  to  axis  y  and  form  with  it  a  right  trihedral  . 


In  fig.l  and  further  on  ft  designates  the  angle  of  inclination  of  the  figurational 
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axis  of  the  gyroscope  z  frcm  axis  ZqI  a  and  0(  -  a^gl®  aad  angular  velocity  of 
platform  rotation  about  axis  Y#  Cmega  designates  the  angular  velocity  of  diurnal  ro¬ 
tation  of  the  Barth,  and^  •  latitude  of  test  stand  disposition* 

In  an  ideal  case  when  testing  accordii^  to  fig*l«  the  axes  y  and  Y  should  ooinoi** 
de  with  axis  etai  axes  X  and  Z  should  lie  in  plane  xi  zeta.  Axis  x  should  coincide 
with  axis  X,  and  Zq  with  axis  Z, 

The  moment  of  interferences  M,  affecting  the  gyroscope  around  axis  x,  will  be  assumed 
as  consisting  of  constant  and  variable  components.  The  constant  ccmptaent  will  be  desig¬ 
nated  by  1^,  The  variable  component,  which  is  to  a  large  extent  and  accidental  value, 
to  simplify  tho  analysis  will  be  considered  as  varying  in  accordance  with  the  harmonics  law 
with  amplitude^  frequency  p  and  initial  phased*  Kie  coefficient ^ is  equal  to 
the  ratio  of  amplitude  of  variable  component  of  manent  M  to  it  constant  component  M®. 

In  this  way,  considering  moment  M  as  positive,when  the  direction  of  its  vector  coinci¬ 
des  with  positive  direction  of  axis  x,  it  is  assumed  that  the  moment  of  interferences  M 
is  a  function  of  time  t  and  is  determined  by  formula 

Ms  jl  ♦jt  sin  (pt  +9^ 

In  this  case  the  angular  velocity  of  the  drift  oJj  will  also  be  a  function  of  ti¬ 
me,  whereby  its  instantaneous  values  will  be  determined  by  equation 

Wi  =  (J/  LI  -h  e  (wi"  •=*  CO 

Herer.)  -  constant  component  of  angular  velocity  of  drift  (H  -  eigen-moment  of  gyro- 
I 

scope). 

Assuming  that  the  tested  gyroscepe,  amplifier  and  platform  motor  are  inertialess 
we  can  write  their  equation  in  the  following  form  i 

Equation  of  gyroscope  (  when  compiling  same  we  have  disregarded  the  gyroscopic 
moment,  due  to  the  projection  of  velocity  (*>  on  axis  z^,  because  this  moment  is  saall 
in  comparison  with  other  moments  because  the  ordinary  angle  4  ^  0) 

+  -f  esin(pHfl)D,  (2) 
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n 


Equation  of  amplifier 


Equation  of  motor 


(3) 

(4) 


(1) 


Here  -  specific  damping  mcment  of  gyroscope  i  and  U„  -  curvature  of  char- 


(2) 


acteristic  (sensitivity)  and  output  voltage  of  gyroscope  sensing  element}  gJ^  * 
jection  of  angular  velocity  of  diurnal  rotation  of  the  Earth  0)  on  axis  yi  and  U.' 

-  nominal  (rated)  coefficient  of  amplification  and  output  voltage  of  amplifier; 
curvature  of  velocity  characteristic  of  motor;  CC^  -  angle  of  rotation  of  motor  shaft. 

Equation  (3)  takes  into  consideration  the  possibility  of  fluctuations  of  the  ampli¬ 
fication  factor  relative  to  its  nominal  value  with  amplitude  8^  (6^-  const  -  small 
parameter)  and  frequency  designates  the  initial  phase. 

Because  of  error  in  reduction  gear  the  platform  during  uniform  rotation  of  motor 
shaft  will  rotate  irregularly.  The  dependence  of  the  angle  of  rotation  of  stand  platform 


upon  the  angle  of  rotation  of  motor  shaft  is  determined  by  expression 


0*3 


a  =  yr  62  sin  (v-^a  —  0...) 


(3) 


Here  i  -  nominal  value  of  reductor  gear  ratio;  =  const  -  small  parameter,  equal 
to  the  maximum  absolute  error  in  angle  of  rotation  of  the  platform,  due  to  errors  of  the 
reduction  gear; ''^2  ”  dimensionless  frequency  ;  02  "  initial  phase. 

Having  solved  equation  (3)  relative  to  and  substituting  in  it  subsequently 

equations  (4)  and  (5)%  we  further  assume  in  it 

1  /  [1  +  6,  sin  (vji  Oj)]  1  -  sin  {\\i  -f  Op)  5a 

and  disregard  the  member,  containing  products  of  small  values  ^182*  differentiate 
the  expression  for  obtained  in  this  way  once  with  respect  of  time  and  substi¬ 

tute  in  equation  (2) 

In  consequence  the  equation  of  motion  of  the  platform  (stand  platform)  will  be 

obtained  in  following  formi 

Ta  -'r  a  ~  —  (o.,  -j-  -■  coji'^sin  {jd  0) 

-1-  3  J’  {X  sill  {\\l  -r  0,)]  -i-  “  [a  cos  (v.a  -l  O.)]  (0) 
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where  the  time  constant 


Integrating  equation  (6)  for  the  first  time  at  initial  conditions  6^  =  CXj^  Q  and 

'  I 

at  t  f  0,  we  will  obtain 

T a  -{■  ca  ~  —  t - -  [cos  {pt  ■(■0)  —  cos  0] 

'  -\-  Ta  [6i  sill  {\\t  --  Oi)  -1-  62V0  cos  (v^a  -f  O.)]  (8}. 

I 

The  given  nonlinear  equation  will  be  integrated  approximately  (but  with  a  fully 
sufficient  de^ee  of  accuracy),  assuming  that  in  its  right  side 

One  can  easily  see  that  these  values  for  alpha  and  alpha  are  derived  in  stable 
state,  provided^  =  0  this  would  happen  everywheres.  Ifaving 

ccmpleted  the  integration,  we  obtain  t 

a  —  —  ((Oy  —  0)1°)  {t  —  T)  —  —  [sill  0’  sin  [pi  +  0  +  O')  —  cos  0]  + 

P 

-f  r  (o)y  —  (1)1°)  {61  sin  Oj*  cos  (vj/  +  Oj  -}-  Oj*)  — 

—  doVo  sin  O2*  sin  [Vj  (cOy  —  o)/)  /  —  0^  Oj'*']}  ~ 

—  j—  cos  0'  cos  (0  -r-  O’)  +  T  (oiy  —  o)i°)  x 

X  [1  +  61  sin  Oj*  cos  (Oj  -f  Oj*)  b-pi^  sin  Oo*  sin  (Oo  —  02*)]|  e-('/r)  (9) 

clgO‘  =  J>,  clg0/'  =  rv„  clg Oj*  =  fv.,  (cOy  —  0)1°)  (10) 

From  expression  (9)  is  evodent  tbdt  the  time  constant  T  should  be  possibly  smaller. 
When  a  0  in  stable  state 

a.._.(co„-co,°) 

In  this  case  from  equations  (5),  (A)»  (3)f  considering  that  and  using 

equation  (7),  we  obtain 


(“y  —  “l'- 


It  is  evident  therefrom,  that  T  will  be  smaller  the  smaller  the  angle  will 
be,  the  angle  necessary  to  produce  the  rotating  motion  of  the  platform  of  the  stand 
to  revolve  at  an  angula®  velocity  -  (c»Jr  addition,  T  is  inversely  proportional 

to  coefficient  N,  which  appears  to  be  the  piarameter  of  the  gyroscope. 
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I  ^  We  will  assume,  that  In  the  moments  of  time  ti  and  t2  (t2  ^  t]_,  t2  -  tjL  ® ^  j 
the  angle  was  equal  to  and  ocq  respeotively.  Then  using  expression  (9), assuming  I 
that  and  disregarding  on  the  basis  of  this  the  member,  containing  exp  (-t2/T) 

-exp  (-tj^/T),  we  obtain  i  , 

+  +  +  =  0  (12) 

In  equation  (12)  have  been  adopted  the  following  designations  i 

—  J- {cos  (f/L, 0)  —  cos  (/)/i  +  0)]|  (13)  I 

C(»)  ^  • 

Ai  =  — -’-cosO*  [sin  (/j/j  -\-  0  —  O')  —  sin  (pli  +  0  —  0'))  (14) 

J)X 

A,  =  —  (tOy- 0)1°)  siuOl*  [cos  (vi?o+  0i-)-0i‘*)  —  cos  (vj^i  +  Oi+Oj*)]  (15) 

A3  ==  iM(a)^_a)3').inO./  (sin  [v,  (ffiy-o)i°)  A.  -  O.+O./M  - 

-sin[v,(a)y-(Oi°)ii-0,+0,*]}  (IG) 


» 


Through  was  designated  the  actual  mean  integral  value  of  the  angular  velocity 
of  the  drift  during  tlme«Y«  From  equation  (13)  is  evident  that  this  velocity  depends 

||l 

upoi'fand  upon  tj^  as  well,  which  appears  to  be  ax  random  value,  Ihe  maximum  ni  value 
is  obtained  at  t^  «  -B/p  (n  =  0,  1,  2,  and'y*  (2k+l)j^  (k=0,l,2,.,.)j  in  this 
case  it  will  be  equal  to 


O^i*  m.“.x 


=  (0, 


;'T 


fl- 


(2^t1) 


CL 


The  minimum  value 
iL-0]  /p,  equals 


,  obtainable  at  the  very  same  values  T,  but  at  tj^  =|  (2n+l) 


2e 

(:i/>  +  i}.i 


In  this  way  we  have 


UiXU^  CM| 


WZ— 0)i*  in.u — 0)^* 


~pr ' 


<120)1° 

^  (H/TTIjl 


(17) 


*  « 

With  rise  in  m  decreases,  and  tends  toward  cOi  * 

If  the  stand  would  be  ideal  (  for  this, under  the  assumptions  made  by  us  ,it  is  necessary 

to  have  ^  “(5i  *  ($'2  “  Al  "  A2  ”63  '  C^»  QCi»  and'I'we  known  to  be 

* 

absolutely  accurate,  then  the  velocity  values  ,  calculated  by  formula 
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(l)i*  =  0)y  -|- 


Ui  —  Cli 


obtaloable  from  expression  (12),  would  be  equal  to  its  actual  values.  Ibe  angle  alpl^^ 

and  alpha2  should  be  substitutedln  formula  (18)  with  consideration  of  their  sign.  ' 

Ihe  the  angle  alpha  should  be  identical  with  the  velocity  sign  alpha,  which  is 

considered  to  be  positive,  when  the  direction  of  its  vector  coincides  with  the  positive 

« 

direction  of  axis  Y  (fig.l)During  tests  \  0,  if  ^  ^  0,  then  angle  (l/^O  (see  term 

(9)).  I 

I 

It  is  clear  from  the  preceding,  that  —  even  during  the  fulfillmai.t  of  the  men 
tioned  id;^al  conditions  of  value  obtainable  during  repeated  measuiements,  realized 
within  one  and  the  same  time  they  will  be  different  as  result  of  the  dependence  of 
upon  tj_.  As  is  evident  from  equation  (1?)  the  magnitude  of  total  disagreement  of 
value^ s  will  not  exceed 


Wm.iv  =  • 


In  actuality  T,^and^2  ^<^t  equal  to  zero  and  the  adopted  value and  the 
obtainable  by  measurement  values  alpha^^  and  alpha2  and'^  differ  from  the  actual  values 
by  certain  small  ^^lues  Acoyi  and^-T;,  We  will  explain,  how  this  reflects 

itself  on  the  accuracy  of  determining  by  formula  (l8).  We  will  analyze  the  right 

side  of  equation  (18)  into  a  Ihylor  series  po  powers  and  (^7  *confining 

ourselves  to  members,  containing  the  given  small  values  in  zero  and  first  degree. 

Utilizing  the  obtained  expansion  and  formula  (12),  we  obtain,  that  the  absolute  error 

* 

in  the  determination  of according  to  formula  (18)  is  equal 


Aoi’  -  A,  -U  A,  lib  > 


where 


A;-1— 

T' 


andAit^2*^3  determined  by  formulae  (I4),  (15)*  (l6)*  Their  maximum  values  are 


equal  to  < 


A„-±2£(0i~,  A3,  =  ±26A-»(a)„--(Oi‘>)^ 


The  maximum  absolute  error  in  determining^  by  formula  (l8)can  be  assumed  to 
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A<i)ii  =  +  (Aj/  -j-  . . .  A 


n 


^ving  substituted  here  the  talues  ^  7^  t  we  obtain i 

AcOji  =  —  lAcOyit*  -{'  2 Ad;  (0-H  (cOy  —  ^1°)^  X 


X 


ATj2  4.4r  6/-f  62V  + 


e-Wi  - 


(19) 


v/here4.(Ay^  and/^Tl  -  mAY<iTiiiTn  Talues  of  absolute  errors  and^'j^;  maaciiaaiii  values 
of  absolute  errors  identicalt  equalling  • 

If  it  is  necessary,  that  the  maxiiauii  absolute  error  in  determining  a)i*  by  formula 
(18)  should  not  exceed  a  certain  given  value,  for  which  we  will  preserve  designation 
/iQlht  then  tima^should  satisfy  the  following  condition,  obtainable  frcm  formula  (19) 

^  /2Aa(°  +  (wy  —  47’  [61  +  6;  V2  +  e^Wl  /((Oy  — Mj»)-]}\V 

Hence  it  is  evident,  that  the  inequality  should  be  fulfilled 

Ao)yi<A(Oii  (21) 

When  this  inequality  is  not  satisfied  no  greater  time  will  be  able  to  assure 

* 

determination  of  drift  iri-th  required  accuracy,  characterized  by  value  •  In  this 
case  the  actual  TBlue^Oirwill  always  be  greater  than  ^Ojyl,  and  at  greater  values^ 
it  will  be  practically  equal  to^cOyf,  qhich  plainly  evident  from  formula  (I9). 

When  inequality  (21)  is  satisfied  there  will  ewerywheres  exist  such  a  time  valued' , 
at  which  the  maximum  absolute  error  in  determining  by  fornula  (18)  will  not  exceed 
the  given  value  In  this  case  the  required  time  value  twill  be  the  lower  the 

higher  the  satisfaction  of  inequality  (21).  Consequently  the  value  AWyl  should  be 
reduced  by  all  possible  means* 

We  will  determine  the  value  ^^0 at  ^“0^  ^He  case  of  testing  drift,according  to 

(3 

fig.l.The  position  of  the  platform,  and  consequently,  the  axes  X,Y,Z  connected  with 
it  relative  to  axes  xi,  eta,  zeta,  will  be  determined  with  the  aid  of  angles'yip ,^, 
(fig.2).  The  angle '■)|pts  the  angle  formed  by  the  projection  of  axis  Y  on  the  plane 
of  horizon  with  plane  of  the  meridiani  angle  of  inclination  of  axis  Y  from  plane 
of  the  horizon;  angle  of  rotation  of  the  platform  around  axis  Y. 
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"1 


Wh«n'\|r*(^  0  the  axses  X^Y^Z  coincide  with  axee  xi|  eta^zeta  respectively  •  I 

Ve  will  assume I  that  the  tested  instrument 


is  fastened  on  the  platform,  in  corresponding 
fixing  elements  and  that  in  general  case  l|he 
position  of  its  axes  X|y«z^  relative  to  axes 
X|Y,Z  is  determined  by  three  angles  ' 

(flg«2)«  Gemma  -  angle  formed  by  the  projec¬ 
tion  of  axis  y  with  plane  XY»  angle  of 
rotation  of  instrument  body  around  axis  y« 

In  the  process  of  testing  the  angles  ni|f 
‘^1  unchanged* 

It  is  evident  when  examining  fig  2,  that 


the  projection  of  angular  velocity  of  the 


Fig*2*To  determine  magnitude  of  maxi-  diurnal  rotation  of  the  Earth  Go  on  the  input 
mum  absolute  error 

^  axis  y  of  the  instrument 

-  (rt  cos  (p  cos  (rp,  y)  -i-  co  sin  (f  cos  (1.  //)  (22) 

where  cos(ri,)y)  =  —  [(simljcosa  -  cosipsin'S)sina).siiir —  cosipcosfl  cost)  co.s  A-p 

(siini;shia~cos\l)Cos-!>cosa)sin  /.  (23) 

cos  (^,  y)  —  (c.os  •»)  sin  ot  sin  y  pin  S'  cos  y)  cos  ^  - 

-'i  cos -i)  cos  a  sin  A  (2''i) 


From  expressions  (22)  -  (24)  is  evident  that  does  not  depend  upon - angle  X  , 

But  this  still  does  not  mean  ,that  no  attention  should  be  paid  to  the  magnitude  of 
and()l*  It  must  be  remembered  ,  that  upon  a  change  of  this  angle  there  is  also  a  change 
in  position  of  the  instrument  relative  to  the  field  of  gravitational  force,  and  con¬ 
sequently,  there  will  also  be  a  change  in  its  drift*  It  is  Evident  from  these  expres¬ 
sions,  that&;>y  =co  cos(j)  at-)^*^  °  siven  value  This  value  cjy, 

equal  to  the  horizontal  component  of  the  diurnal  rotation  of  the  Earth,  appears  to 
be  for  the  case  luider  question  the  nraninal  value  ,  substituted  in  formula  (18)  during 
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Ill 

the  oaloulation  of  angular  velocity  of  drift •  Upon  changing  angle  alpha  as  well 
as  angle there  is  a  change  in  position  of  the  instrument  relative  to  the  field 

I 

^gravitationt  and  conseguentlyi  there  is  also  a  change  in  its  drift. 

Ordinarily  angles  '\|/^  y^and  A  appear  to  be  so  small  i  that  if  they  are  axpres^ 
in  radiansi  they  can  at  least  be  considered  as  small  values  of  first  order  relative  to 
unity.  As  to  the  angle  alphsi  it  can  generally  not  be  considered  as  small* 

Decomposing  the  right  side  of  eguation  (22)  into  a  !Daylor  series  by  degrees  of 
small  values  1^,  X  and  A(f?  •  absolute  error  of  determining  latitude  of  point 
^  in  the  zone^s^sy*^  ”  ^  confining  ourselves  to  members*  containing 

only  in  zero  and  first  degrees*  we  obtain 

Ciij,  =  cu  cos  (p  -i-  (0  sill  (( (0  y  sin  7.  a  cos  a  —  Acp)  ^ 

It  is  eviden  herefrom  that  in  case  under  consideration  the  absolute  error  in  de-> 


dermlning  equals 


Aciiy  =  (Oy  — (0  cosif  {i)siiifp(iV y  sin  cosa  —  Acp) 


The  maxinum  va^ue  of  this  error  can  be  accepted  as  equal 

=  ±  fp  V'^r  ~r  T/'  f-r  cos-  a  -I-  Acpi^ 

where  and  A^jj^  -  maximum  values  of  'n?,  and  Al^, 

The  values for  the  most  widely  known  variants  of  testing  floating  integrating 
gyroscopes  for  drift*  calculated  by  an  analogous  method  *  ere  listed  In  table  given 
below.  At  the  fifth  and  sixth  testing  variants  the  angle  alpha  remains  small* 

At  the  beginning  of  the  report  we  have  assumed*  that  the  reduction  gear  of  the 
test  stand  appears  to  be  gapless.  It  is  apparent  that  this  is  absolutely  necessary 
for  the  —  fifth  and  sixth  test  variants,  because  in  these  oases  the  instantaneous 


angular  velocity  oT  the  stand  Platform  is  equal  to  the  instantaneous  angular  velocity 
of  the  drift  of  the  examined  gyroscope*  which  can  generally  be  changed  not  only  in 
value*  but  also  in  sign.  At  remaining  five  test  variants  the  platform  of  the  testing  stand 
rotates  in  one  direction  with  ins t ant anoo.us  angular  velocity 

a  =  —  (Oy  -J-  (Oj  %^f  ^ 
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whioh  can  change  only  sesnawhat  in  value  on  account  of^ohange  in  magnitude,  and  in  ^ 

|genarel  case  also  in  sign  of  instantaneous  angular  velocity  of  drift  ! 

1 

'  It  is  evident  from  the  table,  that  at  the  first  four  test  variants  the  maxiiaim 
absolute  error  calculated  with  an  accuracy  of  up  to  small  values  of  first  mag¬ 

nitude,  is  determined  only  byft^value8,Ay^,7i,^l^®^^®*  appears  tobe  a  function 
of  (p  and  a  angles.  In  case  of  the  fifth  and  sixth  variants  the  value  is  affected 
also  by  ,  but  from  angle  and  A<p^,the  maximum  absolute  error  is  independent 

in  these  cases.  At  the  seventh  variant  0  with  an  accuracy  to  small  values  of 

first  magnitude. 

We  will  assume,  that  A(y( ■  •][JL  “  ‘ 


iants 


^(i)yl  (Ao)„; )|..j  =  i /y  M sh 


for  third  and  fourth  variants 

I  'l'wco.scp  (2G) 

for  fifth  and  sixth  variants 

A(o„,- (Ac.v),,„^^±fyK2o)  .  (27) 

Superimposing  equation  (25)  over  (2?),  we  obtain 

^ 1/  isincp  --  1 .23  sill  (p  (28) 

At  a  latitude  w  =  54*^20'  we  have  ' 

On  all  —  latitudes  ^>(p*  )5,6  C  consequently, the  fifth 

and  sixth  test  variants  are  more  preferred,  than  the  first  and  second  variants, 

A  chejacteristic  feature  of  the  seventh  variant  appears  to  be  this  that  in  this 

case  the  practically  maximum  absolute  error  ® 

The  analysis  made  gives  basis  of  arriving  at  a  conclusion  in  selecting  the  time 
interval*^  between  two  subsequeoit  measurements  of  angular  position  of  tha  platform 
of  the  test  stani  when  determining  the  drift  of  floating  integrating  gyroscopes,  This 
time  should  be  selected  by  formula  (20).  Ihe  value  should  be  determined  by 
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th«  corresponding  foroula  eiiown  in  the  rable  or  by  one  of  the  corresponding  forirulas^ 

(25)-(27).  I 

I  Table,  Noninal  '/aluea(i)^  and  values  of  maxinum  absolute  error  for  various^ 
variants  of  platferm  and  gyroscope  arrangements  during  tastliig  of  floating 
!  integsTHing  gyroscopes  for  drift. 


Nominal  schema  of  platform 
and  gyroscope  arrangement 


Ncxoinal  value  Value  of  absolute  maximum  error  i 


k<t)  Sif'f 


at  a)q 

^  losin  q>(A(pf  -f  t 
+  cos- a  -r  },,-sin-  'Xj'‘ 


ii  I . . 


±  10  sin  qi  (A<Pf  -{-  v 
f  7jsin-a  - /.,-cos- a)''-'  ( 


A*MyC[I«UM  VALDE 
or  angle  of  incli 
nation  of  axis  T 
to  plane  of  hori 
zon. 


j  *. 


±  (0  COS  (F  (Aq>,--i-  -f  Ti*  *  +  h' 


j  , 


J 

\  A 


/9i-  Tpqy^lTa1m  value  of  angle  of  inclination  of  axis  Y 
to  vertical  line 


msincp  />(• -1- 

1 

■if 

-r  /'(>,"■  -f  T,") 

i 

1 

3.  (osincp  [\>,- -f- T(" 

1  - - - - 

III 

1 

() 

^(and  -maximum 
values' of  angles  of 
inclination  of  axis 
Y  to  the  plane  of 
the  hcffizon  and  to 
plane  xi  zeta. 


Ux  ^ 

other  conditions  being  equal  for  the  seventh  time  variant  ^will  be  the  low 
est,  because  in  this  case,;^o:yl  =  0,  At  the  fifth  and  sixth  variants  =  0  and  con¬ 
sequently  for  their  time*^  at  other  conditionsbeing  equal,  will  be  somewhat  smaller 
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than  for  the  first  four  variants,  | 

I  Fundamentally  the  time  magnitude'jf  is  determined  by  values  A  and/Vv*i^t 

Conseq.uently,4ct^andAo3iji2  should  be  reduced  by  all  means  possible.  It  is  very  im 
portant  insetad  of  separate  measuring  two  angles  CL^  and  to  measure  only  one  angle, 
eaualling  to  the  difference  ,  because  this  allows  to  reduce  the  time't  ^ 

approximatelyn/i^imee. 

If  the  time 'tcorresponds  to  formula  (20).  then  the  experimental  value  of  the  mean 

I 

integral  angular  velocity  of  the  drift  during  the  time  Tlaquals 

where  co*(i0)  -  value  of  the  velocity  Oil,  determined  by  formila  (18)  andAcO^jJ-  value 
of  maximum  absolute  error  in  determining by  fornula  (18),  given  by  equation  (19), 

In  conclusion  we  wish  to  mention, - that  the  author  Imows  of  no  investigations, 

devoted  directly  to  problems  discussed  in  this  report.  Reports  which  do  have  seme  kind 
of  close  relationship  to  the  subject  in  discussion  is  the  work,  e.g,  of  * 
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